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(71) We. The Dow Chemical Com- 
pany, a Corporation organised and existing 
under the laws of the State of Delaware, 
United States of America, of Midland, 
County of Midland, State of Michigan, 
United States of America do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement : — 

Pharmaceutical caipsule shells have long 
been made of gelatin in spite of the recog- 
nized deficiencies of gelatin shells at very 
low or high humidity. No other material has 
yet met the rigid requirements for commercial 
acceptance. 

Water-soluble, film-forming cellulose 
ethers have been suggested. Thus, in U.S. 
Patent 2,526,683, issued October 24, 1950, 
Murphy describes the preparation of methyl- 
cellulose capsules by a process involving 
thermal gelation of an aqueous cellulose 
ether solution on a preheated capsule form- 
ing pin. Grerninger and Weaver in U.S. 
Patent 2,810,659, issued October 22, 1957, 
describe plasticized cellulose ether composi- 
tions suitable for molding or extruding into 
flexible films and capsules. However, mecha- 
30 nical problems and poor capsule properties 
have prevented commercial use of these pro- 
cesses. 

A dip coating process has now been dis- 
covered in which elimination of thermal gela- 
tion in the coating 'bath, use of certain low 
viscosity hydroxyalkyl cellulose ethers, and 
rapid immobilization of the dip coating by 
induction heating after removal from the 
coating bath are critical elements. More 
40 specifically, the process comprises : (A) Dip- 
ping a die mandrel having an electrically 
conductive outer surface and a surface tem- 
perature below the gel point temperature of 
the coating solution into an aqueous thermal 
gelling coating solution having a viscosity 
of 1000 — 12,000 cps and containing at least 
20 wt% of a film-forming C 2 — C 4 hydroxy- 
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alkyl Q — Q alkyl cellulose ether having a 
hydroxyalkyl M.S. of 0.07—1.0, an aficyi 
D.S. of 0.6 — 2.0, and a viscosity of 2—20 cps 50 
as a 2 wt% aqueous solution at 20°C; (B) 
Removing the coated die mandrel from the 
aqueous coating solution; (Q Rapidly con- 
verting the cellulose ether coating into a non- 
flowing gel by induction heating; and there- 55 
after (D) Drying the gelled coating to form a 
stable cellulose ether film product. 

By preventing thermal gelation in the dip 
coating bath, a more uniform, clean breaking 
coating of the die mandrel is obtained. But 60 
once removed from the bath, the cellulose 
ether coating is rapidly gelled by induction 
heating to provide a stable, non-flowing and 
uniform coating. Final drying provides a hard 
and strong cellulose ether film product quite 65 
suitable for pharmaceutical applications. 
These products have good film clarity and 
rate of dissolution, yet they remain firm and 
sturdy under conditions-of-extreme humidity. 

Murphy, in U.S. Patent 2,526,683, previ- 70 
ously identified, describes the general re- 
quirements for an aqueous dip coating bath 
of a thermal gelling cellulose ether. To ob- 
tain a dry film thickness of about 4 — 5 mils 
in a single dip operation, the bath must 75 
contain at least 20 wt% of the cellulose 
ether and have an operational viscosity of 
1,000—12,000 cps. This requires a water- 
soluble cellulose ether with a standard 2% 
by weight aqueous solution viscosity of 2 — 20 80 
cps at 20° C, preferably 2—7 cps. Particularly 
effective is a 'bath having a viscosity of 
1,000 — 4,000 ops at a dip coating tempera- 
ture of 25°— 35°C. 

Typical of the water-soluble, film-fonning 85 
cellulose ethers used herein are hydroxypro- 
pyl methyl cellulose, hydroxybutyl methyl 
cellulose, and hydroxyethyl ethyl cellulose. 
The cellulose ethers for use in this invention 
have a C 2 — C 4 hydroxyalkyl M.S. of 0.07 — 90 
1.0 and a Q — C 2 alkyl D.S. of 0.6—2.0. 
Most desirable for pharmaceutical applica- 
tions because of film clarity and water solu- 
bility are cellulose ethers having a hydroxy- 
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propyl M.S. of 0.15—0.35 and a methyl D.S. 
of 1.8—2.0. The terms M.S. (molar substi- 
tution) and D.S. (degree of substitution) are 
used as defined in Klug U.S. Patent 3,357,971, 
5 issued December 12, 1967. In a preferred 
embodiment of the invention the coating 
solution contains 25—35 wt% of the hy- 
droxypropylmethyl cellulose ether and has a 
viscosity of 1,000—4,000 cps at the dip coat- 
10 ing temperature. 

These thermal gelling hydroxyalkyl alkyl 
cellulose ethers normally have an aqueous 
2% solution gel point of 45°— 90°C as de- 
termined from a standard temperature-vis- 
15 cosity curve. {Cf. A. B. Savage, Ind. and 
Eng. Chem. 49 99(1957).] The more con- 
centrated aqueous solutions used in the pre- 
sent process have gel points normally 10* — 
20° lower than the 2% solutions. Stiff, im- 
20 mobilized and non-flowing gels are obtained 
when the concentrated aqueous solution is 
heated to a few degrees above its gel point. 
For example, a hydroxypropyi methyl cellu- 
lose with a 27% solution gel point of about 
25 60°C, as a 25 % solution has a gel of about 
42°C. and forms a firm non-flowing gel at 
45 46°C. Further control of the dip coat- 
ing solution gel point can be obtained using 
conventional cellulose ether gelation addi- 
30 fives such NaCl, Na 2 S0 4 , Na 2 C0 3 , Na 3 P0 4 , 
MgCL, A1 2 (S0 4 ) 3 or urea. 

Normally the temperature of the dip coat- 
ing bath is held about 5°— 10°C. below its 
gel point temperature. Under these condi- 
35 tions effective dip coating is obtained by 
immersing a die mandrel having a surface 
temperature below the thermal gel point of 
the bath into the bath and then smoothly 
removing the coated die from the bath allow- 
40 ing the excess coating solution to drain from 
the die as it separates from the bath. 

A critical element in the present process 
is the rapid immobilization of the cellulose 
ether coating after removal from the dip coat- 
45 ing bath. Unless the coating is rapidly im- 
mobilized on the die surface, the coatmg 
unif ormity will be lost with formation of flow 
•bulges or tyres. Particularly in preparing 
.pharmaceutical capsule shells, extreme coat- 
50 ing uniformity is required. 

Attempts to immobilize the coating by con- 
ventional heating methods using preheated 
air infra-red heaters, dielectric heaters, elec- 
tric resistance heaters, all failed to provide 
55 the requisite rapid, direct and flexible heat- 
ing required for a commercial dip coatmg 
operation. However, induction heating was 
found to be highly effective giving gelation 
and immobilization of the coating in a few 

60 seconds. . 

Induction heating uses a skin-effect pheno- 
mena observed when an electroconductive 
object is placed within an electromagnetic 
field formed by the flow of rapidly alternat- 

65 ing current in a coil. As applied to the dip 
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coating process, the coated die mandrel im- 
mediately after removal from the cellulose 
ether bath passes into an induction heater 
unit. The electric currents induced in the 
die mandrel heat its surface and rapidly raise 70 
the temperature of the aqueous cellulose 
ether coating above its gel point Thus the 
coating is effectively and rapidly immobi- 
lized. Thereafter further drying of the gelled 
coating can be carried out by any desired 
method without distortion of the coating 
film, a critical requirement in producing 
capsule shells. 

To permit induction heating, the die man- 
drel must have an outer surface of an elec- 
trically conductive metal such as aluminum, 
brass, copper, steel or titanium. Magnetic 
metals are particularly effective since the 
magnetic permeability generally results in 
higher induction heating surface tempera- 
tures. Particularly suitable in the manufac- 
ture of capsule shells are stainless steel pins 
which can be machined to a close tolerance 
and mounted on a non-conductive support. 

A suitable induction heater comprises a 
copper coil energized by a single phase alter- 
nating current. In general, a frequency range 
of 200—5,000 kilocycles per second, pre- 
ferably 250-— 400 kc/sec., is suitable for rapid 
gelation of the cellulose ether dip coating. 
Further details on induction heating of con- 
ductive metals are given in Fauknerea U.S. 
Patent 2,902,572, issued September 1, 1959, 
and Alf U.S. Patent 3,041,434, issued June 
26, 1962, for example. 

Since the induced currents are concen- 
trated near the surface of the die mandrel, it 
becomes a highly efficient and selective heat- 
ing source for the thermal gelation of the 
cellulose ether. A further advantage of 105 
the induction heater is that no physical con- 
tact is required between the energy source 
and the object to be heated, thus lending 
flexibility to the system design and operation. 

By appropriate control of the frequency 110 
and field strength, effective thermal gelation 
can be achieved in about 1 — 30 sec. There- 
after the gelled cellulose ether coating held 
at a temperature above its gel point can be 
dried in any convenient manner, such as a 115 
hot air kiln, until a firm, essentially water 
free film or coating is obtained. In the 
production of pharmaceutical capsules, the 
dried cellulose ether capsule shells are re- 
moved from the die mandrel, trimmed and 120 
assembled. 

Normally the cellulose ether films or coat- 
ings are relatively clear and transparent. 
However, if opaque capsules are desired, a 
minor amount of inert non-toxic pigment 125 
such as powdered charcoal or finely divided 
titanium dioxide can be incorporated in the 
coating composition. Conventional non- 
toxic dyes and fillers can also be used. For 
increased flexibility, an appropriate plasti- 130 
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cizer such as glycerine, .propylene glycol, or 
hydroxypropyl glycerine can be included in 
a moderate amount, e.g., 5 to 20% by weight 
This process is particularly suited for pre- 
5 paring pharmeutical capsule shells which dis- 
solve at a rate comparable to gelatin cap- 
sules. Delay release characteristics can be 
obtained by incorporation of a less water- 
soluble cellulose ether such as ethyl cellu- 
10 lose as described by Gretninger and Wind- 
over in U.S. Patent 2,887,440, issued May 
19, 1959. 

To illustrate further the present invention, 
the following examples are given. Unless 
15 otherwise specified, all parts and percentages 
are by weight Solution viscosities are deter- 
mined by the method of ASTM D- 1347-64 
unless otherwise stated. 

Example 1 

20 A. An aqueous dip coating solution was 
prepared by dissolving 250 parts of hydroxy- 
propyl methyl cellulose in 750 parts water 
at room temperature. The hydroxypropyl 
methyl cellulose used had a 2% aqueous 

25 solution viscosity of 5 cps at 20° C. and a 
thermal gel point of 60°C Its hydroxypro- 
pyl M.S. was 0.15 — 0.35 and its methyl D.S. 
1.8 — 2.0. The clear 25% aqueous solution 
had a viscosity of 3,500 cps at 25°C. mea- 

30 sured at a shear rate of 30 sec." 1 on a Haake 
Rotovisco viscometer. Its gel point was 
41 — 42°C. with a firm, rigid gel being ob- 
tained at 43— 45 °C. 

B. Capsule shells were prepared from 

35 this aqueous cellulose ether solution using 
capsule pins machined from stainless steel 
and lightly coated with a cottonseed oil lubri- 
cant grease. The pins, mounted on a non- 
electrically conducting bar, were dipped into 

40 the cellulose ether solution at room tempera- 
ture for 10 — 15 seconds. Then they were 
smoothly witfidrawn from the solution allow- 
ing the excess to strip from the coated pin. 
The coated pins were then immediately 

45 inverted and placed in a 5-kilowatt induc- 
tion heater coil 15 cm long and 10 cm in 
diameter and consisting of 12 turns of 6 — 8 
mm copper tubing connected to a 450 kilo- 
cycle per second alternating current source. 

50 In less than 20 seconds, the cellulose ether 
coating had gelled to an immobile form. 
Final drying was achieved in a warm air 
oven at 50° — 60°C. 
The resulting capsule shells stripped from 

55 the pins had a uniform thickness of 4 mils 
(0.102 mm.) with excellent retention of 
shape. No significant formation of thick 
rings or * 'tyres" from excessive rundown 
prior to gelation was observed. The shells 

60 were easily assembled into capsules. Their 
dried equilibrium water content was 5 wt% 
at room temperature and humidity. 

Example 2 
In another test, the 25 % aqueous hydroxy- 

65 propyl methyl cellulose solution described in 



Example 1 was modified by addition of 
1.1 wt% sodium sulfate to give a solution 
with a gel point of 33 °C Capsule shells pre- 
pared from this solution turned opaque when 
gelled by induction heating and remained 70 
opaque when dry. Their dried shell thick- 
ness and shape were very uniform. 

Example 3 
Further tests with a 5-kilowatt induction 
heater indicated that with continuous appli- 75 
cation of power, an immobile gel was ob- 
tained in 5 — 10 seconds. Other thermal 
gelling hydroxyalkyl alkyl cellulose ethers 
applied as 20—40 weight percent aqueous 
solutions gave similar results when the die 80 
mandrels were placed in an induction heater 
coil after dip coating. 

WHAT WE CLAIM IS : — 

1 . A process for preparing cellulose ether 
products which process comprises dipping 85 
a die mandrel having an electrically conduc- 
tive outer surface and a surface temperature 
below the gel point temperature of the coat- 
ing solution into an aqueous thermal gelling 
coating solution having a viscosity of 1,000 90 
— 12,000 cps and containing at least 20 wt% 

of a film-forming C 3 — C 4 hydroxyalkyl Q 
— C a alkyl cellulose ether having a hydroxy- 
alkyl M.S. of 0.07—1.0, an alkyl D.S. of 0.6— 
2.0, and a viscosity of 2 — 20 cps as a 2 wt% 95 
aqueous solution at 20°C; removing the 
coated die mandrel from the aqueous coating 
solution; converting the cellulose ether coat- 
ing into a non-flowing gel 'by induction heat- 
ing; and thereafter drying the gelled coating 100 
to form a stable cellulose ether film product. 

2. A process as claimed in claim 1 where- 
in the cellulose ether has a 2% aqueous solu- 
tion viscosity of 2 — 7 cps. 

3. A process as claimed in claim 1 or 2 105 
wherein the aqueous, thermal gelling coating 
solution has a viscosity of 1,000 — 4,000 cps. 

at a dip coating temperature of 25 — 35 C C. 

4. A process as claimed in any of claims 

1 to 3 wherein the cellulose ether is a by- 110 
droxypropylmethyl cellulose ether having a 
hydroxypropyl M.S. of 0.15—0.35, a methyl 
D.S. of 1.8—2.0, and a 2% aqueous solution 
viscosity of 2 — 7 ops at 20° C. 

5. A process as claimed in any of claims 115 
1 to 4 wherein the coating solution contains 

25 — 35 wt% of the hydroxypropylmethyl cel- 
lulose ether and has a viscosity of 1,000 — 
4,000 cps at the dip coating temperature. 

6. A process as claimed in any of claims 120 
1 to 5 wherein the die mandrel is made of 
stainless steel. 

7. A process as claimed in any of claims 
1 to 6 wherein the induction heater operates 

at a frequency of 200 — 5000 kilocycles per 125 
second. 

8. A process as claimed in any of claims 
1 to 6 wherein the induction heater oper- 
ates at a frequency of 250 — 400 Kc/sec. 
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9. A process for preparing pharmaceuti- 
cal cellulose ether capsules by dip coating 
a stainless steel die mandrel into a 25 — 35 
wt% aqueous solution of a hydroxypropyl- 

5 methyl cellulose ether having a hydroxypro- 
pyl M.S. of 0-15—0.35, a methyl D.S. of 
1 8—20, and a 2% aqueous solution visco- 
sity of 2—7 cps at 20°C; removing the 
coated die mandrel from the cellulose ether 

10 solution; rapidly converting the cellulose 
ether coating into a non-flowing gel by in- 
duction heating in a magnetic field generated 
by an induction heating coil operating at a 
frequency of 200—5,000 kilocycles per 

15 second; drying the gelled cellulose ether 
coating in a hot air oven; and stripping the 
capsule shell from the die mandrel. 

10. A process for preparing cellulose 
ether products substantially as hereinbefore 
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described with reference to Examples 1 to 20 
3 

* 1 1 A cellulose ether product whenever 
prepared by a process as claimed in any of 

claims ^ drc ; xvpropylmethy i cellulose ether 
pharmaceutical capsules , whenever prepared 
by a process as claimed in any of claims 1 

to 10. , * . t 

13 A cellulose ether product as claimed 
in claim 11 in the form of a pharmaceutical 
capsule. 

BOUL/T, WADE & TENNANT, 
111 & 112 Hatton Garden, 

London, E.C1, 
Chartered Patent Agents, 
Agents for the Applicants. 
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